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Abstract 

Clitoriafragrans  (pigeon  wings),  is  a  limited  seed  producer  and  a  federal¬ 
ly  listed  threatened  plant.  Therefore,  we  conducted  a  greenhouse  study  to 
determine  whether  C.fragrans  can  be  propagated  vegetatively  from 
xylopodia  and  whether  growth  hormones  can  enhance  propagation  suc¬ 
cess.  This  information  could  be  used  to  maintain  population  viability  in 
the  future.  For  this  study,  we  collected  mature  plants  from  the  field, 
transplanted  them  in  the  greenhouse,  and  harvested  xylopodia  from  the 
root  system.  We  treated  the  xylopodia  with  indole-3-acetic  acid  (IAA)  or 
indolebutyric  acid  (IBA)  at  concentrations  of  o,  250,  500, 1000,  and  2000 
mg/L  for  the  lateral  root  xylopodia  and  at  o  and  1000  mg/L  IAA  for  the 
terminal  xylopodia.  We  observed  the  xylopodia  for  114  days  for  signs  of 
root  growth,  newly  developed  shoots,  mold,  and  rot.  Lateral  xylopodia 
controls  and  those  treated  with  IAA  produced  new  plants,  though  propaga¬ 
tion  was  inversely  proportional  to  the  treatment  level  of  IAA.  Two  of  the 
nine  treated  terminal  xylopodia  produced  new  plants.  No  plants  were 
propagated  from  the  IBA  treatments.  Propagating  C.fragrans  is  possible 
and  has  potential  to  be  a  viable  method  for  reestablishing  the  plant  in  the 
field.  A  total  of  19  plants  were  produced  in  this  study  from  only  two  initial 
C.fi'agrans  plants. 
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1  Introduction 

The  Endangered  Species  Act  (U.S.  Congress  1973)  requires  protection  and 
conservation  of  federally  listed  threatened  and  endangered  plants  and  an¬ 
imals  and  their  habitats.  United  States  Air  Force  installations  are  required 
(USAF  2004)  to  sustain  federally  listed  threatened  and  endangered  species 
and  to  take  steps  to  conserve  species  facing  extinction.  To  maintain  ade¬ 
quate  populations  of  endangered  or  threatened  plant  species,  especially 
those  whose  sexual  propagation  is  limited  by  inadequate  seed  numbers, 
dormancy,  viability,  and  environmental  sensitivity,  alternative  propaga¬ 
tion  techniques  need  to  be  investigated.  Asexual  propagation  techniques 
have  an  advantage  in  that  genetic  resources  are  maintained  and  the  pro¬ 
cess  can  be  accomplished  in  a  controlled  environment. 

Clitoriafi'agrans  (pigeon  wings)  is  a  limited  seed  producer  and  a  federally 
listed  threatened  plant  (U.S.  Fish  and  Wildlife  Service  [USFWS]  1993).  It 
inhabits,  but  is  poorly  distributed  within,  the  Florida  scrub.  It  is  endemic 
to  the  Lake  Wales  Ridge,  a  160  km  long,  narrow  ridge  in  south  central 
Florida  that  runs  through  the  Avon  Park  Air  Force  Range  (APAFR)  in 
Highlands  and  Polk  Counties  (Palazzo  et  al.  2006;  Fantz  1977;  Wunderlin 
et  al.  1980).  Unpublished  data  from  APAFR  (S.  Orzell,  pers.  comm., 
APAFR,  January  2014)  notes  that  C.fragrans  is  found  in  5  of  52  soil  types 
and  only  659  out  of  43157  ha  (5.0%)  at  APAFR.  About  85%  of  the  original 
scrub  habitat  has  been  lost  (Christman  and  Judd  1990)  along  the  Lake 
Wales  Ridge.  Habitat  fragmentation  due  to  conversion  of  native  habitat 
for  citrus  groves  and  residential  areas  is  the  main  threat  to  this  species 
(USFWS  1993)- 

USFWS  (1999)  indicates  that  C.fi'agrans  preferentially  occupy  sites  char¬ 
acterized  by  frequent  fire.  However,  Weekley  and  Menges  (2003)  docu¬ 
mented  the  fire  responses  of  C.fi'agrans  and  noted  surprisingly  low  levels 
of  sprouting  after  fire,  with  a  survival  rate  near  50%  when  sprouting. 

Lewis  (2007)  reported  that  time  since  the  last  fire  had  a  significant  nega¬ 
tive  effect  on  the  number  of  individuals  in  populations;  however,  plant 
density  showed  no  relationship  with  time  since  the  last  fire. 

Fantz  (1977)  reported  that  C.fragrans  can  sprout  from  subterranean  stor¬ 
age  structures  called  “tubers  or  xylopodia,”  which  are  4-10  mm  thick,  5- 
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15  mm  long,  and  composed  of  lignose  or  woody  type  material.  Observa¬ 
tions  from  our  studies  with  C.fragrans  indicate  rooting  appears  random 
through  the  soil  profile.  The  xylopodia  are  present  throughout  the  entire 
root  system  and  form  as  the  root  system  develops.  Fantz  (1977)  also  states 
that  one  to  several  stems  may  originate  from  a  single  xylopodia.  New 
plant  emergence  appears  to  occur  in  the  spring,  and  fruit  is  produced  pri¬ 
marily  from  May  to  June  (Fantz  1977).  New  aerial  stems  from  xylopodia 
are  erect  and  purplish. 

Other  plant  species  have  also  been  reported  to  propagate  through 
xylopodia.  Wallnofer  (1997)  reported  the  woody  plants  Styrax  maninul 
and  S.  pedicellatum  growing  in  drought-  and  fire-adapted  tropical  savan¬ 
nas  form  xylopodia  and  have  a  strong  capacity  to  develop  sprouts.  The  au¬ 
thor  suggested  formation  of  the  xylopodia  is  genetically  controlled. 
Palhares  et  al.  (2007)  found  for  the  species  Bi'osimumgaudi  chaudii  that 
the  xylopodia  was  a  strategy  to  survive  fire  as,  they  suggested,  it  had  a 
higher  capacity  for  water  retention. 

Using  seed  of  C.fragrans  to  increase  plant  numbers  in  the  field  is  prob¬ 
lematic  because  of  the  low  number  of  seeds  per  plant  and  the  difficulty  in 
collecting  viable  seeds.  Mature  plants  produce  only  a  few  seeds.  The 
number  of  seedpods  per  plant  we  observed  ranged  from  zero  to  four,  and 
there  were  only  three  to  five  seeds  per  pod.  Therefore,  collecting  sufficient 
seeds  to  develop  an  extensive  restoration  program  would  be  difficult.  Also, 
when  seeds  become  viable,  they  burst  from  the  pods,  making  collection 
difficult  (Lewis  2007).  Seeds  collected  before  bursting  were  not  found  to 
be  viable  (T.  Cary,  pers.  comm.). 

Asexual  propagation  techniques  include  the  use  of  auxins  to  stimulate  new 
plant  production.  Indole-3-acetic  acid  (IAA)  and  indolebutyric  acid  (IBA) 
are  two  commonly  used  auxins  to  stimulate  root  and  shoot  growth  (Star- 
buck  and  Preczewski  1986;  and  Gravel  et  al.  2007).  Our  objective  in  this 
study  was  to  determine  whether  C.fragrans  could  be  propagated  vegeta- 
tively  from  xylopodia  and  whether  growth  hormones  enhanced  propaga¬ 
tion  success.  This  information  can  help  to  develop  a  technique  to  maintain 
population  viability. 
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2  Materials  and  Methods 

The  Engineering  Research  and  Development  Center’s  Cold  Regions  Re¬ 
search  and  Engineering  Laboratory  (ERDC-CRREL)  and  APAFR  staff  col¬ 
lected  C.  fragrans  plants  from  APAFR’s  Alpha  Range  (27°39'  N  and  8i°i6' 
W)  on  25  June  2007.  Plants  were  placed  in  plastic  bags  containing  mois¬ 
tened  paper  towels  and  temporarily  stored  in  ice-cooled  containers.  Typi¬ 
cal  plants  at  the  time  of  collection  contained  between  zero  and  four 
xylopodia  (tubers)  per  plant.  The  soils  at  the  site  were  either  Daytona  or 
Narcoossee  Sand,  or  both.  The  dominant  vegetation  in  the  area  was  oak 
( Quercus  spp.)  and  palmetto  ( Serenoa  repens ).  The  harvested  plants  were 
transferred  to  the  ERDC-CRREL  greenhouse  in  Hanover,  NH,  on  26  June 
2007.  All  plants  were  live  when  collected  and  when  they  arrived  at  the 
greenhouse.  Individual  plants  were  placed  in  trays  measuring  128  cm 
long,  70  cm  wide,  and  15  cm  deep;  covered  with  sand;  and  watered  to  keep 
the  sand  moist.  Plants  remained  in  the  trays  until  harvested  for  this  study. 
The  plants  received  approximately  250  mL  of  water  daily. 

On  3  January  2013,  or  about  five  years  after  being  transferred  from  the 
field  to  the  greenhouse,  two  plants  were  selected  from  the  trays  and 
washed  to  remove  the  sand  from  the  roots.  Xylopodia  were  present  along 
the  main  taproot  and  on  lateral  roots  and  were  of  various  sizes  from  2  to  5 
cm  in  length.  Both  plants  also  contained  a  xylopodia  at  the  crown  of  the 
plant.  Xylopodia  appeared  to  form  at  random  along  the  individual  roots 
within  the  entire  root  system.  Younger  roots  or  root  ends  had  smaller  or 
no  xylopodia.  We  also  noted  a  similar  growth  aspect  of  the  roots  and 
xylopodia  during  previous  field  collections.  Xylopodia  were  physically 
separated  into  two  groups:  those  originating  from  terminal  roots  and  those 
from  lateral  roots.  Most  xylopodia  were  light  brown  in  color  with  some 
having  black  spots. 

We  collected  72  xylopodia  from  lateral  roots  and  divided  them  into  nine 
treatments— control  (distilled  water),  250  IAA,  500  IAA,  1000  IAA,  2000 
IAA,  250  IBA,  500  IBA,  1000  IBA,  and  2000  IBA— with  eight  replications. 
We  also  collected  12  xylopodia  from  the  terminal  roots.  Due  to  the  insuffi¬ 
cient  numbers,  they  were  treated  with  only  distilled  water  and  1000  mg/L 
of  IAA.  There  were  nine  replications  of  the  1000  mg/L  treatment  and 
three  replications  of  the  control  treatments.  We  separated  whole 
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xylopodia  with  a  razor  blade  and  removed  all  fine  root  hairs,  placing  the 
individual  xylopodia  in  the  desired  hormone  treatment  solution  or  dis¬ 
tilled  water  for  five  minutes.  We  selected  xylopodia  of  similar  size  and 
placed  them  on  filter  paper  contained  in  an  8  cm  diameter  plastic  petri 
plate  and  then  covered  them  with  builder’s  sand,  which  we  covered  with 
an  additional  piece  of  filter  paper.  We  placed  the  petri  plates  on  a  bench  in 
the  greenhouse  where  they  were  randomized  weekly,  periodically  moni¬ 
tored  for  the  emergence  of  new  plants,  and  checked  daily  for  moisture  con¬ 
tent.  Water  was  added  as  needed  to  maintain  soil  saturation. 

When  we  noted  white  mold,  we  cleansed  the  xylopodia  by  spraying  it  with 
distilled  water,  changed  the  bottom  level  filter  paper,  and  replaced  the 
sand.  Later,  after  about  two  weeks,  as  the  mold  kept  occurring,  we  per¬ 
manently  removed  the  top  layer  of  filter  paper  from  all  treatments.  To 
identify  the  mold  we  scrapped  the  xylopodia  surface  into  a  small  vial  of 
phosphate  buffered  saline  (l  mL);  shook  it  for  2  minutes;  placed  a  drop 
onto  a  10  pi  microscope  slide,  covering  it  with  a  slip  and  sealing  it  with  nail 
polish;  and  imaged  it  under  phase  contrast  via  light  transmission. 

We  observed  the  xylopodia  six  times,  at  days  19,  26,  54,  68,  89,  and  114, 
for  any  signs  of  root  growth,  newly  developed  shoots,  mold,  and  rot 
(Figure  1).  When  we  noted  new  shoots  emerging  from  the  xylopodia,  we 
transferred  the  plants  to  15  cm  plastic  pots  containing  builder’s  sand. 


Figure  1.  Lateral  xylopodia  after  10  weeks  of  IAA  treatment  of  250  ppm  (left)  and  500  ppm 

(right). 
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3  Results 

Only  xylopodia  treated  with  IAA  or  distilled  water  produced  new  plants. 
The  number  of  new  plants  for  each  IAA  treatment  was  5,  2,  3,  and  o  for  the 
250,  500, 1000,  and  2000  mg/ L  treatments,  respectively  (Table  1).  The 
success  in  propagation  was  inversely  proportional  to  the  treatment  level  of 
IAA.  Six  of  the  eight  xylopodia  in  the  highest  treatment  rotted.  In  the  con¬ 
trols,  half  produced  new  plants  and  the  other  half  rotted. 


Table  1.  By  hormone  treatment,  the  number  of  lateral  xylopodia  that  produced  new  plants, 

only  roots,  or  no  stems  nor  roots. 


Treatment 

Number  of 
Replications 

mg/L 

New  Plants 

Only  Roots 

No  Stems  and 
No  Roots 

IAA 

8 

250 

5 

0 

3 

IAA 

8 

500 

2 

2 

4 

IAA 

8 

1000 

3 

2 

2 

IAA 

8 

2000 

0 

3 

5 

IBA 

8 

250 

0 

4 

4 

IBA 

8 

500 

0 

8 

0 

IBA 

8 

1000 

0 

3 

5 

IBA 

8 

2000 

0 

0 

8 

Distilled  H2  0 

8 

0 

4 

0 

4 

We  periodically  recorded  the  emergence  of  new  plants,  starting  on  day  19 
after  transferring  xylopodia  to  petri  plates  till  day  114.  The  timing  of  the 
emergence  of  new  plants  was  again  inversely  proportional  to  the  IAA  con¬ 
centration.  Half  of  the  replications  produced  new  plants  within  68  days 
after  placement  in  petri  dishes  in  the  lowest  treatment  of  250  mg/L,  and 
an  additional  plant  emerged  after  89  days.  In  the  500  mg/L  treatment, 
one  plant  emerged  at  each  of  the  68  and  89-day  recording  periods.  In  the 
1000  mg/L  treatment,  one  plant  emerged  at  68  days  and  two  at  114  days. 
There  were  no  plants  produced  at  the  2000  mg/L  treatment. 

No  plants  propagated  from  the  IBA  treatments.  Of  the  32  IBA-treated 
xylopodia  tested,  20  had  rotted;  and  the  occurrence  of  rot  appeared  to  in¬ 
crease  with  the  increase  in  concentration  of  IBA.  All  eight  replications  rot¬ 
ted  in  the  highest  treatment.  However,  some  of  the  replications  were  able 
to  produce  roots  in  all  treatments  except  at  the  2000  mg/L  level  (Table  1). 
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Of  the  nine  IAA  treated  terminal  xylopodia  (Table  2),  two  xylopodia  pro¬ 
duced  new  plants  at  89  and  114  days  after  treatment;  four  rotted;  and  five 
produced  roots,  including  those  that  produced  plants.  The  three  control 
xylopodia  all  produced  roots  and  plants. 


Table  2.  By  hormone  treatment,  the  number  of  terminal  xylopodia  that  produced  new  plants, 

only  roots,  or  no  stems  nor  roots. 


Treatment 

Number  of 
Replications 

mg/L 

New  Plants 

Only  Roots 

No  Stems  and 
No  Roots 

9 

2 

3 

4 

Distilled  H2O 

3 

0 

3 

0 

0 

We  recorded  the  emergence  of  roots  from  the  xylopodia  to  determine  if 
this  trait  was  indicative  of  plant  emergence  (Tables  1  and  2).  All  xylopodia 
that  produced  plants  also  produced  roots;  however,  root  emergence  on  its 
own  was  not  indicative  of  plant  emergence. 

We  observed  white  mold  soon  after  placing  the  xylopodia  into  the  petri 
plates.  The  mold  was  subjected  to  microscopic  analysis,  as  described 
above;  and  we  determined  that  it  was  a  combination  oifusarium  and 
rhizoctonia. 
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4  Discussion 

We  were  able  to  propagate  new  plants  from  xylopodia  collected  from  both 
lateral  and  terminal  roots  below  the  soil  surface.  Approximately  50%  of 
the  lateral  xylopodia  sprouted  new  plants  in  the  control  and  in  the  250 
mg/L  I AA  treatments;  and  for  the  terminal  xylopodia,  all  three  controls 
produced  new  plants.  This  emergence  of  new  plants  from  xylopodia  may 
partially  explain  how  plants  sprout  in  the  field  and  supports  the  results  of 
Weekley  and  Menges  (2003)  who  found  nearly  50%  of  C.fi'agrans  suc¬ 
cessfully  sprouting  after  a  fire  in  the  field.  The  added  benefit  to  green¬ 
house  propagation  is  that  the  numbers  of  plants  propagated  are  known 
and  their  genetic  resources  are  maintained. 

The  application  of  IAA  and  IBA  at  the  concentrations  used  in  this  study 
did  not  increase  over  the  control  the  number  of  plants  propagated,  thus 
distilled  water  is  just  as  effective  as  using  more  expensive  auxins  and  is 
less  labor  intensive.  In  fact,  one  could  consider  IBA  to  be  detrimental  at 
the  higher  levels  used  in  this  study.  Though  both  IAA  and  IBA  are  plant 
auxins  known  to  facilitate  plant  emergence  and  development,  there  is  little 
information  of  the  many  aspects  of  their  mechanisms  of  action  and  the  ex¬ 
tent  to  which  they  contribute  to  auxin-regulated  plant  development  (Si¬ 
mon  and  Petrasek  2011;  Zhao  2010);  and  their  biosynthesis  in  plants  is 
extremely  complex  (Zhao  2010).  In  this  study,  we  found  that  there  is  some 
inhibitory  effect  from  the  higher  concentrations;  and  further  study  is 
needed  at  lower  concentrations  or  mixtures  of  IAA  and  IBA.  The  IBA 
treatments  did  not  produce  any  plants  but  did  show  root  development; 

IBA  is  known  for  the  induction  of  adventitious  roots  (Ludwig-Miiller 
2000). 

The  technique  described  in  this  report  is  relatively  easy  to  conduct  as  is 
explained  in  the  “Materials  and  Methods”  section.  However,  important 
greenhouse  propagation  procedures  to  focus  on  include  removing  the 
xylopodia  from  the  root  system,  controlling  mold,  and  timing  plant  emer¬ 
gence.  The  origination  of  the  rot  is  unknown  but  could  partially  be  related 
to  xylopodia  damage  during  cutting.  Xylopodia  should  be  cut  cleanly  with 
a  sharp  instrument  to  avoid  damage  that  could  lead  to  rot.  We  had  issues 
with  xylopodia  rot  in  all  treatments  including  the  control,  and  we  believe 
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the  rot  was  related  to  our  procedures.  Rotted  xylopodia  should  be  dis¬ 
carded  as  soon  as  the  rot  is  noted. 

The  presence  of  white  mold,  which  was  identified  asfusarium  and 
rhizoctonia,  should  be  washed  off  as  soon  it  is  observed  and  the  xylopodia 
returned  to  the  place  where  they  are  kept.  Fusarium,  a  large  genus  of  fil¬ 
amentous  fungi,  is  widely  distributed  in  soil  and  in  association  with  plants. 
Most  species  are  harmless  members  of  the  soil  microbial  community. 
Rhizoctonia  is  a  genus  of  anamophic  fungi  that  do  not  produce  spores  but 
are  composed  of  hyphae  and  sclerotia.  We  did  not  correlate  white  mold 
occurrence  to  rot,  but  it  appears  to  be  beneficial  to  remove  it.  Mold  wash¬ 
es  easily  from  the  surface  of  the  xylopodia. 

Root  emergence  is  not  an  indicator  of  plant  emergence.  Some  xylopodia 
contained  only  roots  and  no  stems.  However,  xylopodia  rooting  was  noted 
on  all  the  emerged  plants.  Therefore,  when  conducting  this  technique, 
rooted  xylopodia  should  be  watched  closely,  especially  after  68  and  up  to 
114  days  or  longer  after  removal  from  the  root  system.  However,  the  pres¬ 
ence  of  rooting  does  not  necessarily  mean  a  new  sprout  in  the  future. 

We  found  propagating  C.fi'agrans  is  possible  in  a  controlled  greenhouse 
environment  and  has  the  potential  to  increase  plant  numbers  in  the  field. 
Propagating  C.fragrans  is  a  viable  method  for  remediation.  The  plants 
produced  have  the  physiological  attributes  (roots,  whole  leaves,  and  turgid 
xylopodia)  for  transplanting.  Vegetative  propagation  is  beneficial  as  com¬ 
pared  to  sexual  reproduction  because  of  the  difficulty  in  collecting  viable 
seeds  and  in  the  maintenance  of  genetic  structure.  Also,  the  plants  main¬ 
tained  in  the  greenhouse  appear  to  have  many  more  xylopodia  than  plants 
from  the  field.  Since  xylopodia  is  a  source  of  new  plants,  this  technique 
may  be  more  beneficial  than  seed  collection  to  increase  plant  populations 
in  the  field. 
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